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OBJECf IVE — Pharmacological agents for diabetic peripheral neuropathy (DN) target a num- 
ber of mechanisms, including sodium channel function and 7-aminobutyric acid-minergic pro- 
cesses. At present, prescription is undertaken on a trial-and-error basis, leading to prolonged 
medication trials and greater healthcare costs. Nerve-excitability techniques are a novel method 
of assessing axonal ion channel function in the clinical setting. The aim of this study was to 
determine the effects of axonal ion channel dysfunction on neuropathy-specific quality-of-life 
(QoL) measures in DN. 

RESEARCH DESIGN AND METHODS— Fifty-four patients with type 2 diabetes melli- 
tus underwent comprehensive neurologic assessment, nerve-conduction studies, and nerve- 
excitability assessment. Neuropathy severity was assessed using the Total Neuropathy Score. 
Neuropathy-specific QoL was assessed using a DN-specific QoL questionnaire (Neuropathy- 
Specific Quality of Life Questionnaire [NeuroQoL]). Glycosylated hemoglobin and BMI were 
recorded m all patients. 

RESULTS — NeuroQoL scores indicated significant QoL impairment (mean 9.08 ± 5.9.3). 
Strength-duration time constant (SDTC), an excitabiHty parameter reflecting sodium channel 
function, was strongly correlated with QoL scores (r = 0.545; P < 0.005). SDTC was prolonged in 
48.6% of patients who experienced neuropathic symptoms. A significant correlation was also 
noted between SDTC and neuropathy severity (r = 0.29; P < 0.05). This relationship was 
strengthened when looking specifically at patients with clinically graded neuropathy (r = 
0.366; P < 0.05). 

CONCLUSIONS — The current study has demonstrated an association between markers of 
sodium channel function and QoL in DN. The study demonstrates that excitabiHty techniques 
may identify patients in whom altered sodium channel function may be the dominant abnor- 
mality. The findings suggest that excitability techniques may have a role in clinical decision 
making regarding neuropathic treatment prescription. 



Diabetic peripheral neuropathy (DN) 
is a frequent complication of di- 
abetes mellitus (DM) affecting 30- 
50% of patients with type 2 DM (T2DM) 
(1). DN manifests as a length-dependent 
polyneuropathy, and as such, patients 
typically present with sensory symptoms 
such as pain, paraesthesia, and numbness 
in distal lower limb segments, which may 
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progress to motor and upper limb in- 
volvement in more severe cases (2). 

It is well established that quality of 
life (QoL) is significantly impaired in DN 
patients, affecting physical, social, and emo- 
tional well-being (3 ,4). Currently, treatment 
options for the neuropathic symptoms of 
DN include anticonvulsant medications 
that have effects on voltage-gated ion 



channels, 'y-aminobutyric acid (GABA)- 
mimetic agents, and selective noradrenaline- 
and serotonin-reuptake inhibitors. These 
medications either block sodium (Na*) 
channels or alter the balance between in- 
hibitory and excitatory neurotransmitters, 
reducing peripheral and central sensitiza- 
tion (5,6). At present, the selection of a 
specific drug for an individual patient is 
largely undertaken on a trial-and-error ba- 
sis (7,8), frequently leading to prolonged 
trials of medication, development of sig- 
nificant side effects, and greater health 
care costs (8,9). 

Previously, human studies have dem- 
onstrated that ectopic sensory symptoms 
such as paraesthesia and pain may be 
related to changes in axonal ion channel 
properties (10). Specifically, these studies 
have provided evidence that axonal per- 
sistent Na* channels may play a major role 
in the generation of ectopic symptoms, 
both sensory and motor (11). These in- 
sights have been established through the 
use of nerve-excitability testing, a novel 
technique that provides information on 
axonal ion channel function in the clinical 
setting (12). Studies of nerve excitability 
have been applied to a number of neuro- 
pathic processes, including metabolic, toxic, 
and demyelinating neuropathies (13). 
Previous studies using nerve-excitability 
techniques in patients with DM have 
demonstrated prominent alterations in 
axonal ion channel properties, including 
changes in parameters reflecting Na* 
channel function (14-16). Although 
these changes in ion channel properties 
have been postulated to underlie the de- 
velopment of neuropathic symptoms 
(17), the relationship between these 
changes and QoL in a patient cohort 
with DM has not been evaluated. The 
aim of the current study was to investi- 
gate the potential relationship between 
axonal ion channel dysfunction, ectopic 
sensory symptoms, and QoL measures 
in a cohort of patients with T2DM. 

RESEARCH DESIGN AND 
METHODS — A screening clinical neu- 
rologic assessment was conducted in 
87 patients with T2DM, consecutively 
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recruited from the Diabetes Centre at 
Prince of Wales Hospital in Sydney. Ex- 
clusion criteria for this study were current 
treatment with neuropathic medications, 
clinical or electrophysiological features of 
carpal tunnel syndrome, and a history of 
neuropathic symptoms for <6 months. 
On the basis of these criteria, 33 patients 
were excluded from further testing. The 
54 remaining patients (male/female 
28:26) underwent a full suite of neuro- 
physiological assessments including 
nerve-excitability testing and standard 
nerve-conduction studies. Patients were 
grouped according to neuropathy severity, 
and all neuropathic patients underwent 
QoL assessment. 

All subjects gave written informed 
consent in accordance with the Declara- 
tion of Helsinki, and the study was ap- 
proved by the South Eastern Sydney Area 
Health Service and the University of New 
South Wales Research Ethics committees. 

Clinical assessment and neuropathy 
staging 

A comprehensive neurologic assessment 
was conducted in all patients, and neu- 
ropathy severity was graded accord- 
ing to a revised version of the Total 
Neuropathy Score (TNS) (18) in which 
autonomic symptoms and quantitative 
assessment of vibration were excluded 
from assessment and tibial motor re- 
sponses assessed in place of peroneal re- 
sponses. This revised version has been 
used in a previous study of patients 
with T2DM (19). 

The TNS is a composite score of eight 
categories. The categories included the 
extent and severity of sensory and motor 
symptoms, assessment of deep-tendon 
reflexes, muscle strength, vibration sensi- 
bility (128-Hz tuning fork), pinprick sen- 
sibility (Neurotip, Owen Mumford, U.K.), 
and tibial and sural nerve amplitudes 
(Medelec Synergy System; Oxford Instru- 
ments, Oxfordshire, U.K.). Each category 
was scored from 0 to 4 (0, no dysfunction; 
4, severe dysfunction) and summed to 
give a total score from 0 to 32 (32 is max- 
imum dysfunction). The TNS was further 
subdivided into total neuropathy grades 
(TNG) to indicate severity of neuropathy: 
TNG 0, TNS 0-1; TNG 1, TNS 2-8; TNG 
2, TNS 9-16; TNG 3, TNS 17-24; and 
TNG 4, TNS 25-32 (18). For the purpose 
of this study, we refer to TNG 0 as no 
neuropathy, TNG 1 as mild neuropathy, 
TNG 2 as moderate neuropathy, TNG 3 
as severe neuropathy, and TNG 4 as very 
severe neuropathy. 



Assessment of axonal ion channel 
properties 

Nerve-excitability studies were under- 
taken in all patients (20). These studies 
involved stimulating the median nerve at 

the wrist and measuring the compound 
muscle action potential (CMAP) of ab- 
ductor poUicis brevis using surface elec- 
trodes (Unomedical, Bikerod, Denmark). 
Specifically, the TRONDNF protocol 
(12) through QTRAC automated soft- 
ware (Digitimer, London, U.K.) was 
used. This protocol and software allowed 
for the rapid acquisition of a number of 
excitability parameters derived from five 
distinct testing paradigms: 1) stimulus- 
response behavior, 2) strength-duration- 
time-constant (SDTC), 3) threshold 
electrotonus (TE), 4) current threshold 
relationship (W), and 5) recovery cycle 
(RC). 

Stimulus-response curves were ob- 
tained by applying a 1 -ms-duration cur- 
rent of increasing intensity until the 
maximal CMAP response was achieved. 
From this, a target for the remaining 
tests was calculated (—40% of maxi- 
mum CMAP). The stimulus required to 
reach this target was termed "thresh- 
old." SDTC was obtained by plotting 
the relationship between stimulus 
strength and stimulus duration using 
at least two duration points. SDTC was 
then determined to be the ratio of 
threshold current increase to stimulus 
duration decrease. This time constant 
is partly determined by the activity of 
nodal persistent Na* conductances 
(21), which are thought to underlie the 
generation of ectopic neuropathic 
symptoms (11,22,23). TE was deter- 
mined by plotting percentage change 
of threshold when 1-ms test impulses 
were delivered during and after 100- 
ms subthreshold conditioning currents 
of +40% and -40% control threshold. 
This paradigm provides a reflection of 
intemodal properties and overall axonal 
membrane potential (24). W was ob- 
tained by plotting threshold change 
with 1-ms test impulses postdelivery of 
200-ms depolarizing and hyperpolarizing 
conditioning currents (+50 to —100 ms). 
W provides information on rectifying 
properties of the intemode (12,23). The 
RC examines recovery of axonal conduc- 
tion following supramaximal stimulus. 
Percentage threshold change in RC was 
measured by varying the delay between a 
test impulse at threshold and a supra- 
maximal conditioning stimulus (12). 



Assessment of neuropathy-specific 
QoL 

Impairment in QoL was assessed using 
the Neuropathy-Specific Quality of Life 
Questionnaire (NeuroQoL). The Neuro- 
QoL assess symptoms, emotional burden, 
and restrictions on activities of daily living 
specific to diabetic neuropathy (3). It has 
been used to measure the impact of DN 
on QoL (25) and for assessment of the 
effectiveness of potential neuropathic 
treatments (26). Importantly, NeuroQoL 
has been shown to discriminate more 
clearly between varying severities of DN 
compared with more generic QoL scales 
such as the 36-item short-form health sur- 
vey (27) and 12-item short-form health sur- 
vey (3). The questionnaire consists of 35 
questions and rates the effect of neuropathy 
on QoL as a product of their presence and 
total level of bother. In the current study, 
the following domains were assessed: 
J) symptomatic affliction, 2) psychosocial 
impairment, 3) DN-specific impact, and 
4) overall QoL. The average rating for the 
questions in domains 1-3 were summed to 
give a total NeuroQoL impairment score of 
3-35 (3 is nil QoL impairment from neu- 
ropathy, and 35 is maximal QoL impair- 
ment from neuropathy). 

Statistical analysis 

Statistical analysis was performed using 
SPSS statisrics software v. 20 (IBM, Chi- 
cago, IE). Normality of the data was first 
assessed using the Shapiro-Wilk test. To 
investigate differences in nerve-excitability 
parameters between the patients with DM 
and normal control (NC) subjects (n = 50), 
independent t tests or Mann- Whitney U 
tests were conducted where appropriate. 
To compare between TNG groups, one- 
way ANOVA or Kruskal-Wallis tests 
were conducted depending on normality 
of data distribution. Following this, the 
Bonferroni post hoc test was applied 
to establish differences between groups. 
Finally, to determine relationships among 
clinical characteristics, nerve-excitability 
parameters, and NeuroQoL scores. Spearman 
p correlations (two-tailed) were conduc- 
ted. Findings were considered statistically 
significant when P < 0.05 and trending 
when0.05<P<0.1. 

RESULTS 

Clinical characteristics and 
neuropathy grading 

Of the 87 patients with T2DM who were 
screened, 54 were enrolled in the study 
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Patients recruited (n=87) 



Patients on neuropathic 
medication, CTS and 
symptoms lasting less than six 
months were excluded (n=33) 




Patients underwent full suite 
of neurophysiological 
assessments and analysis 
(n=54) 




















No neuropathy 
(n=17) 


Mild 
(n=21) 


Moderate 
(n=8) 


Severe 
(n=8) 



Figure 1 — Recruitment flow chart. Total of 87 patients with T2DM underwent clinical neuro- 
logic assessment. Patients who were on neuropathic medications, those with carpal tunnel syn- 
drome (CTS), and those with neuropathic symptoms that had lasted <6 months were excluded 
from further study (n = 33). The remaining 54 patients underwent further neurologic and neu- 
rophysiological assessment. 



(Fig. 1). As a group, the enrolled patients 
had an average age of 62.19 ± 1.28 years, 
BMI of 31.26 ± 0.81 kg/m^, duration of 
diabetes of 147.32 ± 15.53 months, and 
glycosylated hemoglobin (GHb) of 7.98 ± 
0.23%. Mean characteristics per TNG are 
expressed in Table 1 . 

Clinical neurologic examination 
demonstrated a wide range of neurologic 
impairment, with TNS scores ranging 
from 0-23 and a mean TNS score of 
7.00 ± 1.02 (18). Further grading of pa- 
tients according to TNS revealed that 
31.5% of the cohort had no neuropathy 
(TNG 0), 38.9% had mild neuropathy 
(TNG 1), and 29.6% had moderate to se- 
vere neuropathy (TNG 2 to 3). Ectopic 
sensory neurologic symptoms such as 



paresthesia were reported in 53.7% of pa- 
tients. Duration of diabetes was correlated 
with increasing neuropathy severity (r = 
0.427; P < 0.001). There were no signif- 
icant correlations between BMI and GHb 
with neuropathy severity (TNS scores). 

Neuropathy-specific QoL findings 

The NeuroQoL (3) was administered to 
patients with evidence of clinical neurop- 
athy (TNG 1-3, n = 37) (Table 1). Overall 
NeuroQoL scores in this group ranged 
from 4-26.25, with a mean of 10.33 ± 1. 
The NeuroQoL was further divided into 
symptomatic, psychosocial, and diabetic 
neuropathy-specific scores, all of which 
showed impairment (symptomatic 
score: 2.07 ± 0.14; psychosocial score: 



2.28 ± 0.18; and diabetic neuropathy- 
specific score: 1.88 ± 0.22). Significant 
correlations were noted between TNS 
scores and overall QoL, as well as symp- 
tomatic and psychosocial scores (r = 
0.61, P < 0.001; r = 0.44, P < 0.05; 
and r = 0.445, P < 0.05, respectively). 

Significant differences were also 
observed in mean NeuroQoL domain 
scores across the different severity 
groups. Specifically, symptomatic Neu- 
roQoL scores were significantly higher in 
patients with severe neuropathy com- 
pared with patients with mild neuropa- 
thy (mild: 2.25 ± 0.37; severe: 4.84 ± 
0.99; P < 0.05). Psychosocial scores 
also demonstrated greater impairment 
in patients with severe neuropathy 
(0.383 ± 0.49) compared with those 
with mild (2.77 ± 0.71; P < 0.005) 
and moderate neuropathy (2.39 ± 
1.01; P < 0.005). Similarly, DN-specific 
QoL impairment was higher in the severe 
group (3.13 ± 0.48) compared with 
those in the mild (1.68 ± 0.30; P < 
0.005) and moderate neuropathy group 
(1.14 ± 0.43; P < 0.05). 

Nerve-excitability abnormalities 

Prominent changes in excitability param- 
eters were noted in DN patients compared 
with NC subjects (Fig. 2A), and these 
changes were progressively greater with 
increasing neuropathy severity (Fig. IB). 
With increasing neuropathy severity, 
there was a reduction in mean CMAP am- 
plitude (mV), with significant differences 
noted between NC subjects and patients 
with severe neuropathy (NC, 6.56; severe 
group, 4.66 ± 1.18; P < 0.05). Distal 
motor latency also increased with greater 



Table 1 — Patient clinical characteristics according to neuropathy severity 



Neuropathy severity 


No neuropathy (n = 17) 


Mild (n = 21) 


Moderate (n = 8) 


Severe (n = 8) 


Percentage of total cohort (%) 


31.5 


38.9 


14.8 


14.8 


Age (years)* 


58.82 ± 2.0 


[ 59.38 ± 1.85 


67.88 ± 2.55 


71 ± 3.14 


Disease duration ± SE (months) 


111.21 ± 20.80 


12.72 ± 21.06 (18) 


216.17 ± 63.36 (6) 


214.25 ± 42.39 


BMI ± SE (kg/m^) 


31.03 ± 1.19 


31.63 ± 1.60 (16) 


30.59 ± 2.3 (7) 


31.85 ± 1.92 (6) 


Sural nerve amplitude (|xV)** 


11.83 ± 1.44 (16) 


7.69 ± 1.63 


3.16 ± 1.48 


Absent 


Tibial nerve amplitude (mV)** 


11.09 ± 1.41 (16) 


8.22 ± 1.07 


3.84 ± 1.11 


0.31 ± 0.63 


NeuroQoL scores 


Symptomatic* 


NA 


2.25 ± 0.37 


2.98 ± 1.06 


4.84 ± 0.99 






1 2.77 ± 0.71 ami 


2.39 ± 1.01 ■ 


3.83 ± 0.49 


DN-specific impact* 


NA 


1.68 ± 0.30 


1.43 ± 0.43 


3.13 ± 0.48 


Overall QoL score ^^^^^^H 




1 2.16 ± 0.29 


2.57 ± 0.20 


3.13 ± 0.35 


Total NeuroQoL score 


NA 


8.77 ± 1.77 


9.45 ± 2.20 


14.93 ± 1.52 



Data are mean ± SEM. n is given in parentheses where data are missing. No neuropathy, TNG 0; mild, TNG 1; moderate, TNG 2; and severe neuropathy, TNG 3. 
Significant differences in parameters across severity groups are indicated as *P < 0.05, **P < 0.001, and $0.05 < P < 0.1. 
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neuropathy severity (TNG: r = 0.485, P < 
0.005;TNS: r= 0.431, P < 0.01). SDTC, a 
neurophysiological parameter reflecting 
the behavior of persistent Na* conduc- 
tances (11,21), was increased in patients 
with moderate to severe neuropathy 
when compared with NC (TNG 2 to 3, 
0.50 ± 0.02; NC, 0.44 ± 0.01; P < 
0.05). 

The changes in SDTC were accom- 
panied by changes in other excitability 
parameters that were qualitatively similar 



^ 75 -r 




Interstimulus interval (ms) 




to those reported in previous studies of 
patients with DM (15,16,28) (Fig. 2B). Pro- 
gressive alterations were noted in the RC 
parameters superexcitability (P < 0.05), 
late subexcitability (P < 0.005), and relative 
refractory period (RRP) in addition to the TE 
parameter S2 accommodation (P < 0.005) 
(Fig. 2). Taken together, these changes 
are consistent with axonal-membrane 
depolarization, a finding that has been dem- 
onstrated in previous excitability studies of 
DN patients (15,19). 



Correlations between nerve- 
excitability abnormalities 
and neuropathy-specific QoL 

Correlations were undertaken to explore 
the potential relationship between excit- 
ability parameters and QoL measures. A 
strong positive relationship was observed 
between SDTC, a marker of the activity 
of persistent Na* conductances (11), and 
QoL impairment as a result of neuropathic 
symptoms (symptomatic NeuroQoL 
score; r = 0.545; P < 0.005) (Fig. 3). There 
was a significant correlation between 
SDTC and total NeuroQoL score (r = 
0.515; P < 0.05). Of the patients who 
experienced neuropathic symptoms, 
SDTC was prolonged in 48.6% of this 
group (upper limit 95% CI 0.462 ms) 
(Fig. 3). In addition, a positive correlation 
was noted between SDTC and increasing 
neuropathy severity (n = 54; r = 0.29; 
P < 0.05). This relationship was strength- 
ened when looking specifically at patients 
with clinically graded neuropathy (n = 37; 
r = 0.366; P< 0.05). 

In addition, correlations were under- 
taken between SDTC and symptoms of 
nerve hyperexcitability (i.e., paraesthesia 
and burning). A strong correlation was 
noted between increasing SDTC and 
symptoms of hyperexcitability (r = 0.745; 
P < 0.05). Further analysis demonstrated 
a weaker correlation between the occur- 
rence of negative sensory symptoms (i.e., 
numbness and loss of sensation) and 
SDTC (r = 0.539; P < 0.05). There was 
no significant correlation between SDTC 
and symptoms of unsteadiness or im- 
paired balance. Similarly, psychosocial, 
DN-specific, and overall QoL scores 
were not significantly correlated with 
SDTC. 

Analyses were also undertaken be- 
tween NeuroQoL scores and other excit- 
ability measures that were not specifically 
related to Na* channel function, namely 
TE parameters and superexcitability. 
There was no significant correlation be- 
tween QoL and these other neurophysio- 
logical parameters. In total, the findings 
suggest that the correlation between 
SDTC and QoL scores was not due to a 
generalized disturbance in axonal func- 
tion but more likely reflected a specific 
effect of DM on persistent Na* conduc- 
tances. 

CONCLUSIONS— The current study 
has demonstrated an association between 

clinical markers of Na* channel dysfunc- 
tion and QoL measures in a cohort of pa- 
tients vnth DN. Specifically, the study has 



iii. iv. 

Figure 2 — A: Nerve-excitability plots for patients with DN are flatter. Mean curve for patients 
with DN (block line) for TE and RC paradigms are plotted against 95% confidence limits of NC 
(dotted lines). By convention, TE is expressed as percent change in threshold over time (ms), and 
RC is expressed as percent change in threshold against interstimulus interval (ms). TE and RC 
plots for DN patients showed a flattened morphology, sitting at or outside lower limits ofNC data. 
Mean superexcitability, subexcitability, RRP, and S2 accommodation were found to be signifi- 
cantly different between patients with DM and NC subjects. *P < 0.05, **p < 0.005. B: Pro- 
gressive changes were found in a number of nerve-excitability parameters with increasing 
neuropathy severity in patients with DM. Mean values ± SE expressed: black filled bar, patients 
with no neuropathy; diagonal line bar, mild neuropathy; dotted bar, moderate neuropathy; and 
horizontal line bar, severe neuropathy. Patients were compared with NC data (not shown), and 
statistical significance was determined using a Mann-Whitney U test: *P < 0.05, **P < 0.005, 
and #0.05 <? < 0.1. Superexcitability (1), subexcitability (li), and S2 accommodation (iv) are 
expressed as percentage (%) change of threshold (NC mean: S2 accommodation, 22.84 ± 0.488; 
superexcitability, 23.811; and subexcitability, 14.75 ± 0.592). The RRP (111) is expressed in ms 
(NC: 3.028 ms). Taken together, these parameters indicate a progressive shift toward a more 
depolarized axonal-membrane potential in the DM cohort. 
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Figure 3 — Correlation between SDTC and 
symptomatic NeuroQoL score, r = 0.545; P < 
0.05. Dotted line indicates the upper limit of 
normal range for SDTC of NC cohort (upper 
95% confidence limit: 0.4622 ms). SDTC was 
prolonged in 48.6% of symptomatic DN pa- 
tients compared with NC. 

shown correlations between SDTC, a pa- 
rameter reflecting upregulation of nodal 
persistent Na* conductances (21), and 
symptomatic neuropathy-specific QoL. 
These correlations were even stronger 
when analysis was limited to symptoms 
of nerve hyperexcitability. The impor- 
tance of this association Ues in the prom- 
inent causal role that has been attributed 
to nodal persistent Na* conductances in 
generating ectopic impulse activity in the 
peripheral nervous system (10,22). 

It may be argued that the underlying 
cause of the prolongations in SDTC may 
relate to axonal membrane depolarization 
(15,16), given the pattern of change 
noted in TE and RC parameters with in- 
creasing neuropathy severity. Critically, 
however, there was no correlation be- 
tween other excitabihty parameters that 
reflect changes in membrane potential 
and neuropathy-specific QoL measures, 
suggesting that the correlation between 
SDTC and neuropathy-specific QoL 
was intrinsically related to upregulation 
of persistent Na* conductances rather 
than a more generalized change in axonal 
function. Although the current study 
focused on upper limb motor recordings, 
the findings provide further evidence that 
excitabihty changes in diabetes may occur 
in a generalized distribution, despite the 
clinical features of DN being largely lower 
limb predominant (15,19). 

Our findings suggest that persistent 
Na* conductances may be upregulated in 
patients with DN. These findings are sup- 
ported by studies in animal studies that 
have demonstrated that increased Na* 
channel expression may play an impor- 
tant role in the generation of diabetic neu- 
ropathic symptoms (29). Specifically, 



these studies have shown that there is up- 
regulation of Na* channel iso forms in di- 
abetic nerves and that these changes are 
associated with the development of neu- 
ropathic symptoms (29). The increase in 
Na* currents has been attributed to Na* 
channel phosphorylation, which modi- 
fies channel properties and may cause 
an increase in channel conductance 
(29). Studies specifically exploring the 
contributions of persistent Na* currents 
to diabetic neuropathic pain have demon- 
strated increases in mRNA levels for Na* 
channel isoforms (30,31). Such changes 
have been postulated to result from alter- 
ations in signal transduction cascades and 
the increased levels of protein kinase A 
and protein kinase C induced by diabetes, 
which further enhance Na* channel ex- 
pression and ectopic firing (30). 

Persistent Na* conductances play an 
important role in the generation of ec- 
topic neuropathic symptoms, and a num- 
ber of neuropathic pain treatments 
preferentially modulate persistent Na* 
conductances (32,33). In the current 
study, 48.6% of patients with neuro- 
pathic symptoms had prolonged SDTC, 
consistent with an upregulation of persis- 
tent Na* conductances, whereas the re- 
mainder had a normal or reduced 
SDTC. This finding suggests that the con- 
tribution of altered Na* channel function 
toward the development of neuropathic 
symptoms may vary between individual 
patients. In patients with a normal 
SDTC, it is possible that other mecha- 
nisms may play a greater role in the de- 
velopment of neuropathic symptoms, 
including reduced descending inhibition 
to pain (5,34), altered levels of excitatory 
neurotransmitters (35), or increased sen- 
sitization of central pain-related areas 
(36,37). These mechanisms may not 
cause changes in voltage-gated ion chan- 
nel function of peripheral nerve axons 
and therefore may not alter axonal excit- 
ability properties (38). 

From a clinical perspective, the cur- 
rent study has demonstrated that excit- 
ability techniques have the potential to 
identify diabetic neuropathy patients in 
whom alterations in Na* channel proper- 
ties may be the dominant physiological 
abnormality. The study further demon- 
strates that these changes have a very 
clear clinical correlate, in that they are 
associated with greater impairments in 
QoL scores. At present, neuropathic pain 
treatments are administered largely on 
a trial-and-error basis, reflecting the contri- 
bution of multiple discrete mechanisms in 



the generation of diabetic neuropathic 
symptoms (8,38). 

Current neuropathic treatments for 
DN include anticonvulsant medications, 
tricyclic antidepressants, and selective 
serotonin reuptake inhibitors, all of 
which block axonal Na* channels (6). In 
contrast, GABA-mimetic agents, such as 
gabapentin and pregabalin, have clearly 
demonstrated benefits in the treatment 
of DN-related symptoms (39) and yet 
have no specific effects on Na* channel 
properties (6). These medications are 
thought to improve DN symptoms 
through effects on the central nervous 
system, including enhancement of inhib- 
itory input of GABA-mediated pathways 
and antagonism of excitatory N-methyl- 
D-aspartic acid receptors, thereby reducing 
central sensitization (36). Such medica- 
tions may be less efficacious in patients 
in whom altered Na* conductances are a 
primary mechanism for neuropathic 
symptom generation. Importantly, the cur- 
rent study suggests that nerve-excitability 
techniques, applied in the clinical setting, 
may have a role in determining the dif- 
ferential mechanisms underlying neu- 
ropathic symptom generation in DN. 
Further to this, the study provides a basis 
for future work investigating whether ex- 
citability measures may play a role in clin- 
ical decision making pertaining to the 
commencement and monitoring of neu- 
ropathic pain treatment in patients with 
type 2 diabetes. 
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